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Abstract 
InterDigitated Capacitive (IDC) sensor arrays are fabricated with conventional microelectronics-micromachining technologies on 
quartz substrates. After the IDC fabrication, a polymeric well is patterned around each IDC to precisely define the sensing area 
and thus deposit coatings of various polymers, by drop casting, in a reproducible and controlled manner. The performance of the 
coated IDC array is evaluated in terms of IDC critical dimension, measurement frequency and for two  analytes  and guidelines 
for improved sensing performance are proposed. Through careful selection of the polymeric coatings in conjunction with suitable 
signal processing, discrimination of VOCs is possible. 
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1. Introduction 
In the enormous research effort applied world-wide in the field of detection of various chemical species several 
transduction principles have been investigated with significant percentage towards the miniaturized ones. Amongst 
the investigated principles of operation the sensing approaches with the most promising sensing results are the ones 
based on metal oxides [1], acoustic waves [2], cantilever resonance [3], resistance [4] or capacitive changes [5]. 
The last class of sensors, the capacitive ones, is dominated by [6] a) devices where the variations in device 
capacitance result from the change of dielectric permittivity of a chemically sensitive material and b) 
silicon/polymer bimorphs operating either in resonance or static bending. These devices are made of a flexible and a 
rigid electrode, in which the flexible electrode is covered by chemically sensitive material (usually a polymer) that is 
able to expand in volume in the presence of analyte molecules. 
Capacitive sensing devices with polymeric films as sensing layers, have already found application in the 
detection of volatile organic compounds and humidity. In the latter case commercial devices by Sensirion, and 
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Vaisala have reached the market. The capacitive devices for gas sensing applications are based three electrode 
layouts: i) by anchored top and fixed bottom electrodes with a polymeric film, the sensing film, in between [7]. In 
this approach the top electrode have openings for fast interaction of the analyte with the polymeric film. ii) Planar 
InterDigitated Electrodes [8] where the polymeric film covers the electrodes. In this case, half of the electric field 
lines pass through the sensitive polymeric film and therefore the sensitivity is reduced and iii) Vertical IDEs [9] with 
the polymeric film covering the space between the electrodes. In this approach the sensitivity is increased compared 
to the planar IDEs however diffusion is slower and fabrication is certain more challenging. In all these approaches 
the polymeric film is the sensing layer. A detailed review on the state of the art of the polymer materials used in 
sensor applications is given in Ref. [10]. The present work, deals with the evaluation on the effect of particular 
fabrication aspects and certain measurement parameters on the response of polymer coated planar IDC arrays in the 
presence of certain analytes. This parameterized study is beneficial for the design and realization of planar IDC 
arrays with optimum sensing response. 
2. Experimental 
The fabrication flowchart of an InterDigitated Capacitive (IDC) sensor array is illustrated in Fig. 1 and consists 
of conventional microelectronic / micromachining processing steps. The first step is to deposit by e-gun evaporation, 
on Quartz wafers (4inch), an Al layer of 300nm thickness to be used for the realization of the planar electrodes. 
Then a photoresist (AZ5214) is spun on and exposed in I-line mask aligner (1
st
 lithography). After resist 
development, the IDE layout appears in the resist film and following a wet etching step (H3PO4/C3H7OH at ratio 3/1 
at 55
o
C for 3 min) the layout is transferred to the Al layer. After resist stripping the IDE appear and are ready for the 
application of the polymeric film either by lithography [11] or by drop casting [12]. In the second case, the covering 
of pre-defined areas is not possible in a reproducible way. To overcome this limitation, a well was fabricated around 
every IDC. The fabrication of the well was performed through the spin coating of a thick EPR resist layer (~50μm 
thickness) [13] and subsequent patterning after alignment over the IDCs. This way a tall well is defined around 
every IDC (fig. 1) allowing for repeatable without deterioration of the sensing response casting of the polymers. The 
8-IDC array is fabricated in a 7x7mm
2
 area. Capacitance Co of each IDC is ~10pF. In the present study, the eight 
IDCs in each IDC die are coated with different polymeric films. The polymers selected present different responses 
for the various analytes under investigation. The polymers selected for casting were: two polysiloxanes (PDMS-
VINYL, PDMS-OH), three methacrylic polymers (PBMA, PEMA, PHEMA), PEI, PHS, and PVP. In Fig. 2 a sensor 
array coated with the eight different polymers in a conventional DIL package is shown. The evaluation of the 
sensors response with a capacitance meter (HP 4192A LF) was performed in a small volume (~4mm
3
) chamber with  
controlled atmospheres of humidity, and ethyl acetate in a wide concentration range and measurement frequencies. 
Details on the experimental set up can be found in ref. [11]. 
3. Results 
In order to study the effect of finger-width in the sensing performance, IDC arrays with 5.0μm and 2.0μm critical 
dimensions were designed and realized and coated with the same polymers. As shown in the examples of Table I, 
the normalized responses ΔC/Cp (where Cp is the capacitance of the dry polymeric layer) were found, within 
experimental error, practically equal regardless the dielectric constant of the analyte. 
The effect of frequency of measurement, ν, on the response of the sensor array was tested upon exposure to 
various vapor concentrations, cg (ppm), of water and ethyl acetate. The difference in the dielectric constants of the 
two analytes (ε= 80 and 6, respectively), in conjunction with the different sorptive capacities of the various 
polymeric materials used, enabled us to test the array’s performance in a range of ΔC responses covering ~ three 
orders, of magnitude. The dynamic response of hydrophilic PEI-coated sensor, measured at 1, 10, 100 KHz and 1 
MHz, upon exposure to four concentrations cg of water vapor is shown in Fig. 3, and the equilibrium data ΔC vs cg 
derived for a system exhibiting considerably lower responses is shown in Fig 4. At each cg, the response increases 
with increasing frequency of measurement, and this was found to be true in all cases studied. However we note that 
responses at higher frequencies are associated with higher noise (Fig. 3). The observed behavior is attributed to the 
fact that with increasing frequency reorientation of any dipoles present in the swollen polymer layer becomes more 
difficult and thus their contribution to the dielectric constant is less effective. On the other hand there is some 
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indication that the effect of frequency on the sensitivity S of each sensor [defined as S= (ΔC/cg)/Cp ] may depend on 
the particular polymer-analyte system. For example the responses ΔC at ν=1MHz of PBMA sensor to 5000ppm of 
acetate and water give values of S = 3.1x 10
-6 
ppm
-1 
and 2.8 x 10
-6
 ppm
-1
 respectively. Both values of S are relatively 
low, the former mainly due to the low ε of ethyl acetate and the latter due to hydrophobic nature of PBMA resulting 
to low levels of water sorption in the sensing layer. The ratio of these two sensitivities leads to a practically 
negligible selectivity of the particular sensor to this system equal to 1.1. Under the same experimental conditions, 
the sensitivities of the sensor at 1 KHz are 7.4 x 10
-6 
ppm
-1
 for ethyl acetate and 4.5 x 10
-6 
ppm
-1
 for water resulting 
in an increased selectivity of 1.6. That way, capacitance measurements at different frequencies may provide useful 
information for the discrimination of the analytes of interest.  
 
 
 
Fig. 1: Fabrication flowchart of IDC sensor array Fig. 2. Optical micrograph of the 8-IDC sensor array coated with the 
different polymers and packaged in a conventional DIL package. 
Table 1: Effect of sensor’s critical dimension on the sensor’s response 
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Figure 3: Dynamic response of PEI based sensor to different 
concentrations of water vapor at different frequencies 
Figure 4: Effect of the frequency on the response of a PEMA-based IDC 
sensor upon exposure to various concentrations of ethyl acetate vapor 
Sensor 
Critical 
dimension 
PBMA PHEMA 
ΔC/Cp at 5000ppm H2O 
5μm 0.01058 0.2210 
2μm 0.01437 0.2183 
 ΔC/Cp at 5000ppm AcOOEt 
5μm 0.01541 0.00525 
2μm  0.01554 0.00652 
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4. Conclusions 
Improvement of the fabrication of an IDC sensor array is achieved by patterning a polymeric well around each 
IDC in order to control the deposition of the polymeric sensing area, by drop casting. Comparison of sensors with 5 
and 2 um critical dimensions indicates that miniaturization does not affect the sensor’s performance. The beneficial 
effect of the decreasing frequency of measurement on the sensor’s response has been verified for a range of ΔC 
responses covering ~ three orders, of magnitude. Preliminary data indicate that the effect of the frequency 
measurement may depend on the physicochemical properties of the polymer-analyte system. Further work is needed 
to explore the possibility of tuning the selectivity of a sensor to a particular mixture of analytes by adjusting the 
frequency of measurement. 
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